xposure to natural toxins is becoming more commonplace because of greater worldwide travel, increasing captivity of exotic animals in private and institutional collections, and an expansion in the trade in tropical seafood. Although the effects of natural toxins are often trivial, some may result in neurological emergencies. A good understanding of the origin and management of neurotoxic poisoning is therefore important for the neurologist interested in tropical medicine. The true incidence of neurotoxic poisonings is impossible to ascertain because of underreporting. It has been suggested that each year there may be up to 1000 deaths in the Maharashtra state of India 1 and 600 deaths in Sri Lanka resulting from snake bites, and 1000 to 2000 deaths in Mexico after scorpion stings. Tick paralysis has been estimated to cause the death of 10 000 calves each year. 2 There are thought to be around 50 000 human victims of ciguatera poisoning each year. 3 This editorial briefly outlines some of the effects of naturally occurring toxins on the human nervous system. We suggest that a general awareness of the circumstances in which exposure to natural toxins may occur and of the expression of poisoning in the form of clinical features will improve the prevention, detection, and management of these potentially fatal conditions. Three recent texts discussing some of these issues are available to the interested reader. [4] [5] [6] 
ENVENOMATION Snakes
Venoms enable snakes to immobilise and initiate the digestion of their prey. The venom is usually introduced into the victim through a pair of fangs. Inspection of the bite site may show one or two fang puncture marks, single or multiple scratch marks where fangs were dragged across the skin, or a mixture of puncture marks and scratches. The presence of multiple puncture marks at different sites and in different orientations is suggestive of multiple bites and a potentially serious envenomation. Some snakes (for example, African and Asian spitting cobras) can emit a fine spray of venom from the tips of their fangs and thereby "spit" the venom for a distance of several metres into the eyes of their prey. The vipers and pit vipers (families Viperidae and Crotalidae) are relatively bulky snakes with large heads and fangs that fold into the roof of the mouth at restenvenomation always causes defibrination, extensive soft tissue haemorrhages, and bleeding from gums, old wounds and orifices. In contrast the snakes of the family Elapidae (for example, kraits, mambas, cobras) and of the related family Hydrophiidae (sea snakes) have short fixed fangs and inoculate a venom that is characteristically neurotoxic; an envenomation by these snakes, though often associated with defibrination, is rarely associated with significant haemorrhage or local tissue damage. This distinction may be misleading, as envenoming bites by some viperids and crotalids (for example, the Berg adder, Bitis atropos of Southern Africa, and the South American rattlesnake, Crotalus durissus terrificus) inflict an envenoming bite that produces significant neurotoxic signs; an envenoming bite by the Asian monocellated cobra, Naja kaouthia, is responsible for very severe and disfiguring local superficial necrosis.
The neurotoxic signs (for example, ptosis, ophthalmoplegia, dysphoria, inability to protrude the tongue or smile, generalised weakness) can be caused by the actions of three major groups of toxin. Postsynaptically active neurotoxins bind to the α-subunit of the acetylcholine receptor (AChR) at the neuromuscular junction, causing what is somewhat loosely called a curare-like neuromuscular paralysis. These toxins are found in the venoms of all elapid and hydrophid snakes. Presynaptically active neurotoxins are found in the venoms of many elapid snakes, especially the elapid snakes of Australia and Papua New Guinea, the kraits of South East Asia, and in the venoms of some vipers and crotalids (for example, Berg adder, South American rattlesnake, Russell's viper of southern India and Sri Lanka). The toxins are active phospholipases. They bind to motor nerve terminals, causing the depletion of synaptic vesicles and the destruction of the nerve terminal and the terminal parts of the motor axon. Many of the presynaptically active neurotoxic phospholipases are also potent myotoxins, and therefore the victims of envenoming bites by some snakes (for example, sea snakes, Australian elapids, Berg adders, South American rattlesnakes) may be weak as a result of both neurotoxic and myotoxic damage.
The varied aetiology of neurotoxic involvement in snake envenomation influences the treatment and management of individual snakebites. Elapid snakes will always inoculate postsynaptically active neurotoxins. Severely envenomed victims will need ventilatory support. The dissociation of neurotoxins from AChR is probably accelerated by antivenom 7 and possibly by anticholinesterases. If ventilatory support is maintained and appropriate treatment with antivenom and possibly anticholinesterases is available, recovery will be rapid and uneventful. If appropriate antivenoms are unavailable respiratory support for 24 hours will usually allow full recovery. Venoms of most elapid snakes (for example, cobras and coral snakes) typically contain only postsynaptically active neurotoxins. If the victim exhibits neurotoxic signs but shows little or no response to the relevant antivenoms or anticholinesterases it is likely that the venom contains presynaptically active neurotoxins; the victim will therefore need ventilatory support and conservative management for several days until damage to the neuromuscular systems are repaired. Myotoxicity may be recognised by the presence of muscle pains, especially on movement, and myoglobinuria. 8 Such patients need careful management to prevent acute renal failure caused by the release of myoglobin from the damaged muscle. Envenoming bites by the South American rattlesnake, Australian tiger snake, Australian king brown (mulga) snake, the taipans of Australia and Papua New Guinea and sea snakes are particularly liable to cause muscle damage.
Two groups of elapid snakes, the kraits and mambas, are worthy of special mention. Kraits are nocturnal, snake-eating animals. Envenoming bites may be so innocuous as to fail to arouse a sleeping victim, and it is uncommon for the offending snake to be seen. A victim who sleeps in the open or in a simple rural shelter anywhere in South East Asia and who awakes with morning weakness, loin pain, and a metallic taste in the mouth has possibly been bitten by a krait. The difficulty of identifying a biting snake, and the fact that the onset of serious weakness may be slow can mean that victims often delay seeking medical attention. This can be a significant problem. Envenoming bites by kraits are difficult to manage because the 
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venoms are rich in pre-synaptically active β-bungarotoxins, and so recovery may be prolonged. 9 Bites by mambas (an exclusively African genus) are always serious. Their venoms contain postsynaptically active neurotoxins that are typical of elapids, and a number of unique toxins some of which target muscarinic ACh receptors. It is not known to what extent these toxins complicate an overwhelming syndrome of post-synaptic neurotoxicity, but a single paper described decreased parasympathetic activity in an envenoming incident by the Malaysian krait (mydriasis, tachycardia, constipation, and defective micturition) lasting for up to two years (table 1) . 10 The defibrination of the blood may give rise to bleeding into the CNS. This is a rare but difficult neurological problem associated with some snakebites. 11 12 It is often slow in onset and may not be clinically apparent for several weeks. 13 Treatment of snakebites 1 Appropriate first aid at the scene of the envenomation can be critical and includes patient reassurance, immobilisation of the bitten limb, and application of a pressure bandage (as if for a sprain) over the bite site. These manoeuvres may delay toxin absorption. Care should be exercised when releasing pressure bandages in case there is a sudden release of venom into the systemic circulation.
Other interventions (for example, cutting, sucking, freezing, cauterising, application of arterial tourniquets, foreign materials, or chemicals at bite site, etc) are potentially dangerous and should be avoided. The pain after snakebites may be severe, but can usually be controlled by standard analgesics-narcotic analgesics should be avoided because of the risks of respiratory depression.
2 A description of the offending snake should be obtained if possible-if it has been killed it should be kept for formal identification.
3 If there are signs of systemic poisoning (ptosis and dysphonia are early indicators of neurotoxicity) the patient should Local effects=skin blistering and necrosis, pain, tenderness and swelling of local lymph nodes, swelling of limb. Neurotoxic effects=early ptosis, aphonia, external ophthalmoplegia, weakness, respiratory failure, autonomic effects (blurred vision, hypersalivation, piloerection). Haemostatic effects=defibrination, haemolysis, haemorrhages. *Local pain, swelling, blistering, necrosis, and painful regional lymphadenopathy can occur with Asian and African spitting cobras. Corneal erosions may occur if venom spat into eyes. †Examples include tiger snake, taipan and common brown snake. ‡Neurotoxicity a significant feature of envenomation in a few species (for example, C d terrificus, Far Eastern Agkistrodon sp, Bitis atropos, Sri Lankan D russelii pulchella). §Effects include a painful grimace ("facies latrodectisimina"). ¶Venom of C sculpturatus may cause platelet aggregation in children. **Androctonus accounts for 80% of all scorpion stings in N Africa. † †Nausea, vomiting, severe abdominal pain, haematemesis, hyperglycaemia, acute pancreatitis.
be transferred to the local hospital or clinic. Swabs of the bitten area and blood samples should be taken for detection of venom antigens and coagulation profile. The blood pressure, respiratory and renal function should be closely monitored, and patients should be observed for signs of neurotoxicity, myoglobinuria, cardiac abnormalities, and coagulation disturbances. 4 Specific antivenoms (ideally active against the venoms of local snakes) should be administered, with facilities available to deal with any early or delayed immunological reactions against the antivenoms. The same dose is given to children as for adults. Multiple doses of antivenom may be required to control circulating levels of toxins, and should be given until the patient shows no signs of relapsing. 
Spider bites
Bites by Latrodectus species (the black widow, red-back or button spiders), Atrax species (the funnel web spiders), Missulena species (the mouse spiders), and Phoneutria (the banana spiders) are clinically important. Latrodectus is the only widespread genus and is found all over the warmer parts of the world, avoiding only the cooler temperate and cold regions. Atrax and Missulena are Australasian spiders and Phoneutria is Brazilian. Bites by exotic spiders are not unknown as the result of the transport of spiders in shipments of goods.
14 Latrodectus is small and may not be immediately identified as the biting animal. Bites are painful and the symptoms and signs of envenomation (for example, hyperexcitability, local sweating, colic or abdominal stiffness, fasciculation, muscular weakness, tachycardia, and palpitations) develop slowly. The venom is complex but the toxins responsible for the neurotoxic signs are the latrotoxins. The toxins cause the release of transmitters (by mechanisms that are as yet unclear) from nerve terminals in both the autonomic and somatic nervous system and that is reflected in the symptoms and signs of such bites. Acute renal failure and a late Horner's syndrome have both been reported as complications arising from latrodectism, 15 16 but such complications seem rare.
Funnel web spiders are large and can cause a lethal bite. The bite is painful, partly because the fangs are large and partly because the venom is acidic. The venoms are complex, but the group of toxins responsible for most problems in humans are the atracotoxins. These toxins delay the inactivation of Na + channels in the nervous system, causing spontaneous repetitive firing in peripheral nerves. The signs of envenomation (for example, hyperexcitability, fasciculation, fluctuating blood pressure, muscular weakness) 17 all reflect the excessive discharge of transmitter from nerve terminals in the autonomic and somatic nervous system. Missulena venoms contain toxins structurally and functionally similar to the atracotoxins, and the symptomology after a bite is also similar to that of funnel-web spiders.
The venom of Phoneutria has not been fully characterised but toxins that block Ca 2+ channels, activate Na + channels and inhibit Na + channel inactivation have all 
of autonomic hyperactivity and is entirely consistent with a venom induced enhanced release of neurotransmitters from nerve terminals in all parts of the autonomic nervous system.
Treatment of spider bites
Although corticosteroids may relieve some symptoms they have no effect on overall mortality.
3 Specific antivenoms for Latrodectus, Phoneutria and Atrax are available for the seriously envenomed patient. They should be given in facilities available to deal with any immune reactions against the antivenoms. Scorpions Scorpions also use venoms to subdue prey items, most of which are invertebrates. Their venoms contain toxins specific for invertebrate ion channels as well as small mediators such as serotonin and enzymes such as phospholipases and hyaluronidase. The effects of a sting on human victims are largely attributable to the presence of serotonin and other mediators and of toxins that act on vertebrate ion channels to either block K + channels or delay the inactivation of Na + channels. These toxins enhance the release of transmitters from nerve terminals in all parts of the autonomic and somatic nervous systems.
Scorpion stings are a significant problem throughout the tropical and subtropical world, and the specific symptoms of an envenoming sting can vary greatly according to the geographical region, the species involved, and the age of the victim. All stings are painful and all produce symptoms that have the characteristics expected of toxins that cause the enhanced release of neurotransmitters (for example, vomiting, colic, diarrhoea, sweating, pilo-erection, hypertension, cardiac arrythmia, priapism, etc). Secondary damage, especially to the cardiac and pulmonary systems, results from both the "autonomic storm" and the peripheral mediators either inoculated with the venom or released as a result of mast cell degranulation. 18 This is an important consideration for treatment as even successful antivenom therapy (in terms of venom clearance) may not reverse secondary damage and its consequences. Neurotoxins (present in the tick's saliva) are introduced while the tick engorges itself with the host's blood, and cause a presynaptic neuromuscular block possibly by impairing the excitation-secretion coupling at the neuromuscular junction by reducing calcium availability. 19 Children aged 1-5 years are most commonly affected, with a non-specific prodome (for example, anorexia, lethargy, and irritability) followed by the onset of an unsteady gait and then an ascending, symmetrical, flaccid paralysis resembling the Guillan-Barre syndrome. 20 A fatal paralysis may be caused by a single tick. Ticks embedded behind the ear or in the external auditory meatus can cause an ipsilateral facial weakness. The diagnosis depends on finding the tick, the scalp and the back of the ear being common sites where they are to be found. 
Treatment of scorpion stings

Treatment of human tick paralysis
CONSUMPTION OF POISONOUS SEAFOOD
In this brief review we concentrate on neurologically important poisonings resulting from the consumption of seafood. All the well documented syndromes that are characteristic of seafood poisoning result either from the accumulation of algal or bacterial toxins through the food chain, or from toxins produced by symbiotic micro-organisms. 22 The diagnosis of seafood poisoning is primarily by exclusion as most incidents share common features of nausea, vomiting, diarrhoea and gastrointestinal pain and an onset time of 3-12 hours. Many documented cases of severe poisoning involve holiday makers enjoying an exotic meal before presenting to a physician on their return home. The principal syndromes of importance are ciguatera, shellfish poisoning (paralytic, neurotoxic, amnesic, and diarrhetic forms), tetrodotoxic and palytoxic fish poisoning.
Ciguatera fish poisoning
The syndrome of ciguatera poisoning has been discussed in detail in a recent review. 3 Occasional references to ciguatera poisoning are to be found in the world literature dating back to the 16th century, with clearer references originating from the West Indies in the 18th century. The term ciguatera is derived from the American-Spanish word cigua, the name of a poisonous sea snail (Livona pica) that produces a similar illness in the Spanish Antilles. Ciguatera poisoning is caused by the consumption of coral grazing fishes or of the larger pelagic predatory fishes (for example, snappers, groupers, and sea trout). Most cases of poisoning are to be found in the Caribbean, Pacific Islands (including the north eastern seaboard of Australia), and the United States (especially Hawaii and south eastern Florida); however, the increasing worldwide trade in exotic fish has led to outbreaks throughout the world, including Europe. The global incidence of such poisoning has been estimated at between 50 000 and 500 000 cases per year (table 2) .
The toxins responsible for the clinical features include ciguatoxins (which can exist in many forms), maitotoxin, and scaritoxin. The toxins are initially formed by the dinoflagellate Gambierdiscus toxicus, 23 24 which are then accumulated by grazing fish and subsequently concentrated along the food chain. The toxins are to be found in their highest concentration within the liver, viscera, and gonads of the larger fish. The toxins are lipid soluble, relatively heat stable, and resistant to gastric acid. Once the ciguatoxins are absorbed they bind to the voltage sensitive sodium channels of cellular membranes.
Features of acute ciguetera poisoning usually occur within one to six hours (range of few minutes up to 30 hours) of ingestion. 25 The onset of the disorder may be with either gastrointestinal (for example, abdominal cramps, nausea, vomiting, watery diarrhoea) or neurological (for example, paraesthesiae, dysaesthesiae, blurred vision, transient blindness, vertigo, ataxia, tremor, insomnia) symptoms. Paraesthesiae are initially circumoral in nature and then spread centrifugally to the limbs, and usually persist for many days and on occasions for many weeks. The dysaesthesiae are characterised by a painful reversal of hot-cold sensation. The average duration of illness is 8.5 days, with a median hospital stay of six days. 26 The chronic effects of ciguatera poisoning has been estimated to affect 3%-20% cases of acute poisoning, and is characterised by excessive fatigue. Other chronic effects described include hypersomnolence, peripheral neuropathy, and polymyositis.
General treatment consists of attempts at reducing further toxin absorption by inducing emesis or performing a gastric lavage followed by the administration of activated charcoal. Specific treatment consists of the administration of hyperosmotic mannitol infusions, 27 28 with a report of positive responses being noted within 10 minutes in all of 24 patients treated and a mean time to complete resolution of symptoms of 10 hours and complete recovery in 17 patients within 48 hours. 27 Because of the osmotic effects of mannitol treatment any dehydration present attributable to vomiting should first be corrected. The recommended regimen is the administration of 10 ml/kg of 20% mannitol, infused slowly over a minimum period of 30-45 minutes 28 ; the dose may be repeated after three to four hours, and again the following day. The mechanism of action of mannitol in ciguatera poisoning may be by competitive inhibition of the toxin's effect on Na + channels, or by neutralisation of the toxin. The overall mortality of acute poisoning was estimated to be 0.1% in a series of 3009 poisonings during 1964-1977 (that is, an era prior to the routine use of mannitol) in the French Polynesia and New Caledonia Pacific Islands group. 29 
Shellfish poisoning
Cases of shellfish poisoning typically arise after the consumption of filter feeding shellfish (for example, mussels, scallops, clams), the causative agents being dinoflagellates that are ingested by the shellfish during feeding. The toxins responsible are non-proteins that are stable and resist most of the forms of rapid cooking typically applied to seafood.
Paralytic shellfish poisoning (PSP) is caused by the ingestion of toxin producing dinoflagellates of several genera by filter feeding shellfish. The toxins involved are all members of a family of gonyautoxins, the best known of which is saxitoxin. The gonyautoxins blocks voltage gated channels, thus blocking action potential generation in skeletal muscle and sensory and motor axons. The early signs of gastrointestinal disturbance (three to six hours) may progress to include numbness of mouth and digits, visual disturbance, dysphagia, neuromuscular weakness and, in severe cases, a potentially fatal respiratory paralysis. Treatment is symptomatic, but observation is essential because the development of severe paralysis may be relatively slow (up to 24 hours). Recovery takes three to seven days and is usually uneventful. 30 Neurotoxic shellfish poisoning (NSP) is much rarer than PSP. It is largely confined to the Florida coast, the Gulf of Mexico, and possibly the east coast of South America. The responsible dinoflagellate is usually Gymnodinium brevis. This is accumulated by filter feeding shellfish, which in turn become a carrier for a group of toxins collectively known as the brevetoxins. These toxins are lipid soluble and they bind to a poorly defined region of the voltage gated Na + channel to cause repetitive firing of action potentials. The toxins may also enhance the release of transmitters from autonomic nerve terminals. It has also been suggested that they initiate the degranulation of mast cells and thus contribute to respiratory problems (see below). The symptoms of NSP depend on the route of ingestion. If infected shellfish are eaten the symptoms are similar to, but less severe than, those associated with PSP. The brevetoxins are powerful irritants and inhalation of aerosols containing the toxins (for example, sea spray, or sprays created during storms) causes bronchoconstriction and lacrimation rather than "neurological" signs. The possible role of 31 Diarrhetic shellfish poisoning is widespread and causes gastrointestinal problems without neurological symptoms. The responsible toxin is okadaic acid. Recovery is uneventful after two to three days.
It is important to note that although shellfish poisoning (and ciguatera) are caused by the ingestion of blooming species of marine algae, a bloom is not a formal requirement. This is because the dinoflagellates involved can rest in the benthos on the sea bottom in an encysted form. Activation or disturbance of the benthos may disturb these forms and allow their ingestion in the absence of a bloom.
Tetrodotoxin fish poisoning
Tetrodotoxic poisoning usually results from the consumption of puffer fish, but bites by the blue ringed octopus (an Australasian species) can also result in the introduction of tetrodotoxin from the saliva. 32 The toxin is probably produced by a marine Vibrio that enjoys a symbiotic relationship with the host. The toxin is concentrated in the skin and viscera of fish. Most cases of poisoning occur in Japan or in Japanese communities elsewhere where puffer fish are eaten as a delicacy. The principal toxin (tetrodotoxin) blocks the voltage gated Na + channel at the same site as saxitoxin and causes numbness, tingling, visual disturbances, and a potentially fatal neuromuscular weakness within 10-15 minutes of ingestion. Treatment is symptomatic and recovery is usually uneventful provided the patient in neuromuscular paralysis is artificially ventilated and the circulation is maintained.
Palytoxic fish poisoning
Palytoxic poisoning is encountered in the Indo-Pacific and Caribbean, and results from the consumption of fish, soft crabs or other animals that graze on the tropical soft anthozoan Palythoa, or of the larger predatory fish that feed on the primary grazers. The toxins responsible are known as palytoxins. They are large, lipid soluble polyethers, and produce symptoms indistinguishable from those of ciguatera. The biological basis of the toxicity is still controversial but there is no doubt that it is neurotoxic. It is probable that many cases of "ciguatera" are misdiagnosed cases of palytoxic poisoning. Properly documented cases are very rare but usually fatal. 33 General measures to prevent seafood poisoning It can be difficult to predict cases of seafood poisoning. The toxic animals exhibit no obvious signs of being poisonous, and of two animals caught in the same area at the same time only one might be poisonous. Therefore care should be taken when eating shellfish, and special caution exercised with very large predatory tropical fish-ideally smaller fish should be consumed. The broth in which the seafood has been cooked should be discarded, and the viscera of any fish should not be consumed. A simple precaution for potentially problematical fish includes rubbing a little raw flesh on the lips before cooking and eating the entire fish-if the lips go numb the fish should be discarded. Extensive washing of seafood is not a suitable precaution; for example, boiling mussels for three hours only reduces okadaic acid levels by 50%. It can take days to reduce the toxicity of affected food items by simply soaking in clean water. No seafood should be collected or consumed during or for several days after a bloom (red or green tide). No seafood should ever be eaten uncooked and only freshly caught fish should be purchased.
Differential diagnosis of seafood poisoning
The differential diagnosis of seafood poisoning is by exclusion. The following factors may be helpful:
1 Was the food properly cooked? The consumption of uncooked seafood can be the cause of botulism and meningitis (a result of infestation with Angiostrongylus cantonensis). This form of meningitis has an incubation period of four to six weeks. 2 Was the food fresh when purchased and prepared? Some fish (especially mackerel, tuna, and bonito) convert histidine to histamine if kept at ambient temperature for several hours and this causes scromboid poisoning. The symptoms are caused by the histamine (headache, nausea, urticaria, flushing and fever, gastric pain) and can be treated with antihistamines. Other fish kept for long periods may be dusted with organophosphates or other insecticides to allow flies to be brushed off easily.
3 Were the food items invertebrate (for example, filter feeding shellfish) or vertebrate? Ciguatera is unlikely to be the diagnosis for invertebrate food poisoning. Of the types of shellfish poisonings paralytic shellfish poisoning, with its neurological features of neuromuscular weakness, is the most important. 4 Was the fish consumed a large pelagic fish? If yes, the problem is almost certainly ciguatera. The likelihood of ciguatera is also stronger if the place where the fish was caught was from a reef area anywhere in the Caribbean or Pacific, or off the coast of Florida or Queensland. Palytoxic poisoning will be indistinguishable from ciguatera even if small reef grazers (file fish, parrot fish, surgeon fish) have been consumed as all of these fishes may accumulate either (or both) ciguatoxins and palytoxin. 5 Was the fish a puffer fish? If so a tetrodotoxic poisoning is probable.
As a note of caution, it is becoming increasingly clear that in the tropics animals that either graze on coral reefs or feed in the benthos may accumulate a range of potential toxins, all of which enter the food chain. The hapless human victim may therefore in turn have accumulated a cocktail of toxins. 
